Rel/NF-jB transcription factors are critical arbiters of immune responses, cell survival, and transformation, and are frequently deregulated in cancer. The p50 NF-jB1 component of Rel/NF-jB DNA-binding dimers regulates genes involved in both cell cycle traverse and apoptosis. Nfkb1 loss accelerates B cell growth and leads to increased B cell turnover in vivo, phenotypes akin to those manifested in B cells of El-Myc transgenic mice, a model of human Burkitt lymphoma. Interestingly, ElMyc B cells express reduced levels of cytoplasmic and nuclear NF-jB1 and have reduced Rel/NF-jB DNAbinding activity, suggesting that Myc-mediated repression of NF-jB1 might mediate its proliferative and apoptotic effects on B cells. Furthermore, Nfkb1 expression was reduced in the majority of El-Myc lymphomas and was also suppressed in human Burkitt lymphoma. Nonetheless, loss of Nfkb1 did not appreciably affect Myc's proliferative or apoptotic responses in B cells and had no effect on lymphoma development in El-Myc mice. Therefore, Nfkb1 is dispensable for Myc-induced lymphomagenesis.
Introduction
Deregulated cell proliferation and apoptosis are hallmarks of cancer (Hanahan and Weinberg, 2000) . Myc oncoproteins are basic helix-loop-helix-leucine zipper transcription factors, whose expression are normally tightly controlled by mitogens and are suppressed by growth inhibitory signaling pathways (Grandori et al., 2000; Nilsson and Cleveland, 2003) . These controls on cMyc, N-Myc, and L-Myc expression are frequently lost in cancer, either directly by chromosomal amplifications or translocations, or indirectly by mutations in signaling pathways or tumor suppressors that hold Myc expression in check (Grandori et al., 2000; Evan and Vousden, 2001; Nilsson and Cleveland, 2003) . The selection for Myc activation in cancer reflects, at least in part, its essential role in cell proliferation and/or growth (de Alboran et al., 2001; Trumpp et al., 2001 ), yet Myc overexpression also accelerates rates of cell cycle traverse (Bouchard et al., 1998) , and is sufficient for driving quiescent cells into S phase (Cavallieri and Goldfarb, 1987) , and blocks terminal differentiation (Coppola and Cole, 1986) .
In normal cells, Myc's hyperproliferative response is held in check by the activation of apoptotic pathways that kill the insulted cell (Askew et al., 1991; Evan et al., 1992) , through the agency of the Arf-p53 tumor suppressor pathway (Zindy et al., 1998) , and through regulating anti-and proapoptotic members of the Bcl-2 family that regulate the cell death program (Eischen et al., 2001; Jeffers et al., 2003; Egle et al., 2004) . These checkpoints guard against Myc-induced transformation and tumor development in vivo (Strasser et al., 1990; Eischen et al., 1999; Schmitt et al., 1999; Evan and Vousden, 2001) , and disabling these apoptotic checkpoints is a common denominator of Myc-induced tumors (Eischen et al., 1999 (Eischen et al., , 2001 .
In Em-Myc transgenic mice, a model of the MYC/Ig t(8:14) translocation in human Burkitt lymphoma where c-Myc is overexpressed in B lymphocytes by the immunoglobulin heavy chain enhancer (Em) (Adams et al., 1985) , Myc-induced lymphoma is preceded by a prolonged precancerous phase in which the high proliferative rates of Em-Myc B cells are counterbalanced by a high apoptotic index . With time, however, cell cycle and apoptotic regulators that hold Myc in check are disabled, and this leads to fulminant, aggressive clonal lymphomas that kill these mice by 3-6 months of age. Although p27 Kip1 and the Arf-p53 pathway are key regulators of Myc's proliferative and apoptotic responses in this system (Eischen et al., 1999; Schmitt et al., 1999; Martins and Berns, 2002) , relatively little is known as to how Myc regulates these pathways.
The Rel/NF-kB family of transcription factors (RelA [p65], RelB, c-Rel, Nfkb1 [p105/p50] and Nfkb2 [p100/ p52]) are compelling mediators of Myc's responses in B cells, as many are key regulators of B cell proliferation and survival, and of B cell development. For example, loss of Nfkb1 augments B cell proliferation and provokes rapid B cell turnover in vivo (Sha et al., 1995; Grumont et al., 1998) , whereas c-Rel is required for proper germline CH transcription, Ig class switching, and to protect B cells from antigen receptor-mediated apoptosis (Zelazowski et al., 1997; Owyang et al., 2001 ).
Furthermore, NF-kB2 (p100/p52) is required for normal splenic microarchitecture and B cell-mediated immune responses (Caamano et al., 1998) . All Rel/NF-kB proteins contain an N-terminal B300-amino-acid Rel homology domain and bind to DNA as either homo-or heterodimers. Their activity is held in check by their interactions with IkB family proteins in the cytosol, which, in turn, are inactivated by their phosphorylations by IkB kinases, which target these proteins for destruction by the proteasome (reviewed in Ghosh and Karin, 2002; Hayden and Ghosh, 2004; Perkins, 2004) . Several observations indicate a complex level of interplay between Myc and NF-kB. First, Rel/NF-kB upregulates the expression of c-Myc following treatment with anti-sIgM (Wu et al., 1996) , and in Raji Burkitt lymphoma cells NF-kB regulates the expression of the translocated MYC gene, by binding to the Ig heavy chain enhancer (Kanda et al., 2000) . Further, in primary B cells, NF-kB1 and c-Rel are required for mitogens to induce c-Myc and cell growth (Grumont et al., 2002) . Conversely, Myc sensitizes cells to tumor necrosis factor-a (TNF-a)-mediated cell death by impairing Rel/NF-kB transactivation functions (Klefstrom et al., 1997; You et al., 2002) . Given these connections we evaluated the regulation and potential role of NF-kB1 in Myc-mediated lymphomagenesis. Em-Myc transgenic B cells expressed reduced levels of Nfkb1 and NF-kB DNA binding activity, and Nfkb1 was suppressed in EmMyc lymphomas, and in human Burkitt lymphoma. Nonetheless, Nfkb1 loss has essentially no effect on Myc-induced lymphomagenesis.
Results

Expression is suppressed in Em-Myc transgenic B cells
Given the obvious interplay of Myc and Rel/NF-kB factors in mediating B cell proliferation and survival (Wu et al., 1996; Kanda et al., 2000; Grumont et al., 2002) , we initially evaluated the expression of genes of the Rel/NF-kB pathway in Em-Myc transgenic versus normal B cells by expression profiling (Figure 1 ) and real-time RT-PCR of RNA isolated from B220 þ splenic B cells of precancerous 4-week-old Em-Myc transgenic mice (n ¼ 3) and their wild-type (n ¼ 3) littermates. Strikingly, there was a uniform downregulation of all mRNAs encoding rel/nfkb genes, nfkbia and nfkbib (encoding IkBa and IkBb) and, their upstream regulators, in Em-Myc transgenic B cells compared to normal B cells (Figures 1 and 2) . Furthermore, the effects of the Myc transgene on the NF-kB network were manifested in both bone marrow (BM)-and spleen-derived B cells, and were evident in both immature (sIgM-) and mature (sIgM þ ) B cells (Figure 2 and data not shown). By contrast, consensus targets activated by Myc such as ornithine decarboxylase (Odc; BelloFernandez et al., 1993) and Rcl (Lewis et al., 1997) were highly elevated in Em-Myc B cells (Figures 1 and 2) . Therefore, Myc selectively suppresses the expression of nearly all components of the NF-kB network in splenic B cells.
Gene targeting has established that loss of Nfkb1, c-Rel or Nfkb2 all affect B cell homeostasis and/or functions (Sha et al., 1995; Zelazowski et al., 1997; Caamano et al., 1998; Gerondakis et al., 1999; Owyang et al., 2001) . However, since the phenotypes manifested by Nfkb1 loss were most consistent with those of cells overexpressing c-Myc, with augmented B cell proliferation and higher rates of cell death (Grumont et al., 1998) , we characterized the regulation and role of NFkB1 in Myc-induced responses in B cells in detail. First, to determine if reductions in nfkb1 transcripts in EmMyc transgenic B cells also led to appreciable changes in the levels of the protein, Western blots of NF-kB1 were performed on BM and splenic B220 þ B cells of precancerous Em-Myc transgenic mice and their wildtype littermates. p50 expression was dramatically reduced in BM-derived B cells from Em-Myc transgenic mice and reduced levels of p50 were also obvious in splenic B cells, while levels of p105 protein were reduced in splenic Em-Myc B cells (Figure 3a) . The functions of Rel/NF-kB family proteins are largely regulated by their interactions with IkBa or IkBb, which sequester Rel and NF-kB in the cytoplasm (Hayden and Ghosh, 2004) . We therefore also evaluated the subcellular localization of NF-kB1 by immunofluorescence of splenic and BM B220 þ B cells (Figure 3b ), and the expression of IkBa or IkBb proteins by immunoblotting (Figure 3c ). Consistent with immunoblotting analyses, the levels of p105/ p50 NF-kB1 protein were especially reduced in Em-Myc transgenic B cells from BM and reductions in NF-kB1 were also clearly evident in splenic Em-Myc B-cells (Figure 3b ). There were, however, no obvious effects of the Myc transgene upon the overall ratio of cytosolic to nuclear NF-kB1 (Figure 3b ). In accord with these findings, and despite changes in the levels of their transcripts (Figures 1 and 2 ), there were no significant changes in levels of IkBa or IkBb proteins in Em-Myc transgenic versus normal B cells (Figure 3c ). Collectively, these findings suggest that Myc overexpression in B cells reduces Nfkb1 expression principally at the level of transcription.
NF-kB DNA-binding activity is impaired in Em-Myc transgenic B cells
The reductions in Nfkb1 expression in Em-Myc transgenic B cells suggested that this might also impair overall NF-kB DNA binding activity. We therefore compared the DNA-binding activity of Rel/NF-kB in Em-Myc versus normal B cells. NF-kB/Rel dimers are differentially expressed and activated in discrete B cell subsets during B cell development, where p50/p65 heterodimers are the predominant nuclear Rel/NF-kB activity in Pro-and Pre-B cells and where p50/c-Rel and to a lesser extent p50/p65 activity govern NF-kB activity in sIgM þ sIgD À B cells (Liou et al., 1994; Lee et al., 1995; Grumont et al., 1998 ; and data not shown). We therefore evaluated NF-kB activity in precancerous Em-Myc B220 þ B cells sorted for expression of sIgM.
Notably, electromobility shift assays of nuclear extracts from both sIgM À and sIgM þ B cells showed reduced levels of NF-kB DNA-binding activity in Em-Myc B cells compared to that present in normal B cells ( Figure  4a and b). The most dramatic differences were manifest in splenic Em-Myc sIgM À B cells, where p50/p65 NF-kB dimers were reduced to less than 10% of their activity seen in wild-type B cells (Figure 4a , compare lanes 10-12 to lanes 7-9). Accordingly, analysis of cytoplasmic and nuclear extracts showed that p50 protein was reduced in these Em-Myc B cells (Figure 4c ). By contrast, the effects of Myc were more subtle in splenic sIgM þ Em-Myc B cells (lane 10 versus wt sIgM þ B cells, lane 7, Figure 4b ), indicating that, as supported by immunoblot and immunofluorescence analyses of total p50 expression (Figure 3 ), there are cell context specific effects of Myc on the activity and expression of NF-kB1 in B cells. Nonetheless, the data support the concept that Myc overexpression compromises the function of NF-kB family members throughout B cell development and particularly in immature B cells, and that this is specifically associated with the suppression of nuclear NF-kB1 p50 protein.
Nfkb1 expression is suppressed in Em-Myc and human Burkitt lymphomas
Since Nfkb1 expression was reduced in precancerous EmMyc B cells, we reasoned that Nfkb1 expression would also be reduced, or absent in Em-Myc lymphomas, and in human Burkitt lymphoma bearing MYC/Ig translocations. Interestingly, Nfkb1 RNA ( Figure 5a ) and Figure 1 Myc targets the NF-kB network in B cells. Hierarchical clustering of Rel/Nfkb family members, and of upstream kinases that regulate the NF-kB pathway, was performed using RNA prepared from B220 þ splenic B cells from three weanling-aged wild type (wt) and three Em-Myc transgenic (Em-Myc) mice. Probe set signals were normalized to the mean across mice, and values of each individual case are represented by a color, with green corresponding to expression below, and red corresponding to expression above the mean. As a control for a target gene induced by Myc the probe sets for Odc (Bello-Fernandez et al., 1993) are also shown protein ( Figure 5b ) levels were reduced in the majority of Em-Myc lymphomas when compared to their levels expressed in normal splenic B220 þ B cells. Furthermore, Nfkb1 expression was suppressed in all human Burkitt lymphoma samples tested as compared to CD19 þ B cells from healthy donors (Figure 5c ). Thus, Nfkb1 expression is suppressed in Myc-driven lymphomas of both mice and man.
Loss of Nfkb1 does not affect lymphoma development but augments tumor load in Em-Myc transgenic mice
Nfkb1 loss alone accelerates rates of B cell proliferation (Grumont et al., 1998; Supplementary Figure 1) . The reduced expression of NF-kB1 in Em-Myc transgenic B cells and lymphomas then suggested that total loss of Nfkb1 might accelerate lymphoma development in Real-time SYBR-green PCR analyses of mRNAs encoding components of the NF-kB network in B220 þ bone marrow (BM) and spleen B cells from 4-week-old wild type (wt) and Em-Myc transgenic littermates. The relative values were determined by comparing the expression of the indicated transcripts to that of ubiquitin (ub), which is not regulated by Myc. The bars represent the mean7s.e.m. Note: *indicates Po0.05. As a control for target genes induced by Myc the expression of Odc and Rcl (Lewis et al., 1997) was also analysed Regulation and role of NF-jB1 in Myc-induced lymphoma U Keller et al
Em-Myc transgenic mice as, for example, loss of the cyclin dependent kinase inhibitor p27 Kip1 accelerates lymphoma development (Martins and Berns, 2002) . To address this issue, Nfkb1 nullizygous mice were mated with Em-Myc mice, and F1 offspring were bred to obtain Nfkb1 þ / þ , Nfkb1 þ /À and Nfkb1 À/À Em-Myc transgenic mice. The precancerous phase of Em-Myc transgenics is characterized by high rates of cell proliferation and an increased apoptotic index, and by lymphocytosis and splenomegaly. To initially assess the effects of loss of Nfkb1 upon Myc-driven proliferation and apoptosis, B cells were cultured from the BM of precancerous 
-phenylindole hydrochloride (DAPI). (c) B220
þ B cells from bone marrow (BM) and spleen of 4-week-old wild type (wt) and Em-Myc mice were subjected to immunoblot analysis using the indicated antibodies Regulation and role of NF-jB1 in Myc-induced lymphoma
and Nfkb1
À/À -Em-Myc transgenics, respectively, Figure 7b ). Furthermore, the phenotype of the lymphomas that arose in Nfkb1 À/À -Em-Myc transgenics was identical to those that arose in wild-type transgenic littermates (pre-B and mature B cell lymphomas, data not shown). Thus, although loss of Nfkb1 increases proliferation of Myctransgenic B cells in vitro and in vivo, it does not affect Myc-induced lymphomagenesis.
Discussion
Myc overexpression in the B cells of Em-Myc transgenic mice leads to increased numbers of proliferating B cells in both BM and spleen (Adams et al., 1985; Baudino et al., 2003) . Given that loss of Nfkb1 alone also leads to increased rates of B cell proliferation (Grumont et al., 1998) , and that Myc overexpression in this compartment leads to reductions in NF-kB1 levels and to concomitant decreases in NF-kB DNA-binding activity, a response þ sIgM þ B cells were subjected to EMSA using a consensus NF-kB binding element. Composition of NF-kB dimers was determined by supershift analysis using the indicated antibodies (Ab). BM denotes bone marrow. (c) Immunoblot analysis of p50 NF-kB1 levels in cytosolic extracts (CE) and nuclear extracts (NE) of precancerous B220 þ B cells of the indicated sIgM phenotype is shown. BM denotes bone marrow Regulation and role of NF-jB1 in Myc-induced lymphoma U Keller et al that was also manifested in the lymphomas that arise in these mice, a reasonable prediction was that total loss of Nfkb1 would lead to higher proliferative rates and accelerated rates of lymphoma development in Em-Myc mice. While Nfkb1 loss did indeed augment the proliferation of Em-Myc B cells both ex vivo and in vivo, lymphoma development was little affected by the loss of Nfkb1, other than modest increases in the overall tumor load in Nfkb1 À/À Em-Myc transgenics. Thus, at least in this cell context, Nfkb1 does not play a ratelimiting role in Myc-induced tumorigenesis.
Imbalances in Myc's proliferative and apoptotic responses modify time to tumor onset in Em-Myc transgenic mice in rather profound ways. For example, loss of Arf or p53 disables Myc's apoptotic response to dramatically accelerate lymphoma development (Eischen et al., 1999; Schmitt et al., 1999) , whereas Mdm2 haploinsufficiency augments p53 dependent apoptosis and impairs tumor development (Alt et al., 2003) . Furthermore, loss of p27 Kip1 augments Myc's proliferative response in Em-Myc B cells to accelerate lymphomagenesis (Martins and Berns, 2002 ), whereas Regulation and role of NF-jB1 in Myc-induced lymphoma U Keller et al E2f1 haploinsufficiency disables Myc's ability to downregulate p27
Kip1 and thus impairs disease . It was therefore surprising that loss of Nfkb1, which clearly augments the proliferative responses of Em-Myc B cells, failed to appreciably affect lymphoma development. This perhaps reflects redundancy coming from other members of the Rel/NF-kB network, as c-Rel and NF-kB2 certainly play important roles in B cell development and survival (Zelazowski et al., 1997; Caamano et al., 1998; Owyang et al., 2001 ).
The modest effects of Nfkb1 loss on Myc-induced lymphomagenesis could also reflect its failure to affect Myc's apoptotic programs in Em-Myc B cells, which could effectively cancel the proliferative advantage of Nfkb1-deficient B cells. This was also rather surprising, as recent studies of others have suggested links between NF-kB and c-Myc-and E2f1-induced apoptosis of immortalized fibroblasts, where Myc induces E2f-1, which in turn binds to p65 and thus prevents the formation of the p50/p65 heterodimer that prevents cell death (Tanaka et al., 2002) . Furthermore, Arf, which is induced in Em-Myc B cells (Zindy et al., 2003) , inhibits the antiapoptotic functions of RelA by inducing its association with the histone deacetylase HDAC1, thus impairing its transactivation functions (Rocha et al., 2003) . The increased rates of proliferation of Em-Myc Nfkb1-deficient B cells is perhaps consistent with increased E2f-1 activity in these B cells, yet if either of these models were operational one would have expected that suppressed levels of NF-kB in these cells, especially in the context of the Nfkb1 deficiency, would drastically increase apoptosis, and this is not the case. Thus, we propose that the apoptotic response in these cells is sufficient to cancel the proliferative advantage of Em-Myc Nfkb1 À/À B cells, which is really only manifested by modest increases in tumor load and is not rate limiting for lymphoma development.
Precisely how Myc regulates NF-kB1 expression, and nearly all other Rel/NF-kB family members in B cells (Figures 1 and 2 ) is presently not clear, but at least for Nfkb1 this involves reductions in its transcripts. These findings suggest a potentially important regulatory feedback loop that controls NF-kB and Myc activity in a cell, whereby the induction of c-myc transcription by NF-kB, a well-known mechanism operational in B cells (Lee et al., 1995; Grumont et al., 1998 Grumont et al., , 2002 , ultimately leads to increases in Myc that, in turn, dampen the activity of the NF-kB network. Indeed, such a model would allow the cell to fine-tune its Myc levels to provide balanced growth (cell mass) and proliferative signals. This feedback control is obviously lost in tumors where Myc is activated, and in such cancers reductions in NF-kB activity could sensitize these cells to specific chemotherapeutic regiments. Indeed, given the rather complex effects of the NF-kB network upon drug sensitivity and tumor maintenance (Baldwin, 2001; Orlowski and Baldwin, 2002) , these remain important issues to test in the lymphomas arising in Nfkb1 À/À EmMyc transgenic mice.
Material and methods
Human tumor material
With institutional review board approval and after informed consent, 17 tumor samples from Burkitt lymphoma patients were banked. As a control, pooled peripheral blood mononuclear cells from healthy donors were enriched using CD19-MicroBeads, according to the manufacturer's instruction (Miltenyi Biotech, Bergisch-Gladbach, Germany). 
There were no statistically significant differences in the survival of these cohorts Regulation and role of NF-jB1 in Myc-induced lymphoma U Keller et al
Breeding of mice and tumor surveillance
Nfkb1 null mice on a C57BL/6;129 mixed background (Sha et al., 1995) , obtained from Jackson Laboratories (Bar Harbor, ME, USA), were interbred with Em-Myc transgenic mice (C57BL/6 background; Adams et al., 1985) . F 1 offspring were bred to obtain Nfkb1 þ / þ , Nfkb1 þ /À and Nfkb1 À/À Em-Myc transgenic littermates. Animals were observed for signs of morbidity and tumor development.
Cell culture
Primary BM-derived pro-B/pre-B cell cultures were generated from 4 to 6 week old mice as described previously (Eischen et al., 1999) . To obtain BM and spleen B cells, cell suspensions were incubated with B220 MicroBeads and enriched by magnetic cell sorting (MACS), according to the manufacturer's instruction (Miltenyi Biotech). Rates of proliferation of B220 þ sIgM þ and B220 þ sIgM À cells were then determined using a Flow Kit as described by the manufacturer (BD Biosciences Pharmingen, San Diego, CA, USA). Animals were injected intraperitoneally with 100 ml of 10 mg/ml BrdU in sterile PBS. Animals were killed 12 h following injection and BM and spleen were harvested. A red cell lysis was performed using ammonium chloride/potassium bicarbonate solution. Cells were then resuspended, incubated with antibody against B220 and sIgM (BD Biosciences Pharmingen, San Diego, CA, USA), washed and collected by centrifugation. One million cells were further processed and stained with antiBrdU-FITC antibody, and 5 Â 10 5 cells were stained with propidium iodide and Annexin-V FITC antibody (Annexin-VFluor Kit, Roche Applied Sciences, Indianapolis, IN, USA). Following incubation, cells were washed and resuspended in PBS and were then analysed by FACS. The percentage of Annexin V-positive cells includes PI positive (dead) and negative (apoptotic) cells.
FACS analysis and magnetic-activated cell sorting (MACS) of B cells
RNA preparation and analyses
RNA was prepared from MACS-sorted B cells using the RNeasy kit (Qiagen, Valencia, CA, USA). For Affymetrix analyses, cRNA was synthesized using the One-Cycle Target Labeling and Control Reagent package (Affymetrix Inc., Santa Clara, CA, USA) and the reaction was probed to the 430A mouse Affymetrix chip. The scanned data output was imported into the Spotfire software (Spotfire Inc., Somerville, MA, USA). Following normalization, selected probe sets for the genes indicated in Figure 1 were clustered using the Hierarchical Clustering function of Spotfire. For real-time PCR, cDNA was prepared from 1 mg RNA using the iScript cDNA synthesis kit (Bio-Rad, Hercules, CA, USA). Real-time PCR was performed using an iCycler machine (Bio-Rad) and the iTaq SYBR green kit (Bio-Rad). Data analyses were performed by comparing Ct values with a control sample set as 1. Sequences for primers are available upon request.
Immunoblotting analyses
Extracts from MACS-sorted B cells, lymphomas from Em-Myc mice, and human Burkitt lymphoma samples were prepared as previously described (Eischen et al., 1999) . Protein (20 or 50 mg per lane) was electrophoretically separated on SDS-PAGE gels, transferred to membranes (Protran, Schleicher and Schuell, Dassel, Germany) and blotted with antibodies specific for c-Myc (Santa Cruz Inc., Santa Cruz, CA, USA), NF-kB1 (Santa Cruz) and b-Actin (Sigma Chemicals, St Louis, MO, USA).
Immunofluorescence analyses
Cytospins of 5 Â 10 4 B220 þ B cells were derived from wild type or Em-Myc mice. Slides were fixed with 1 : 1 methanol-acetone for 30 min at À201C and air-dried. After blocking with 10% FBS/PBS, cells were incubated for 1 h with a polyclonal antibody for NF-kB1 (1 : 1000 dilution in 1% FBS/PBS; Santa Cruz, Inc.). Following 10 washes with PBS, primary antibody binding was visualized using an anti-rabbit Cy3-conjugate (Jackson Immunoresearch, MA, USA). DAPI (Molecular Probes, Eugene, OR, USA) was used to visualize nuclei. Mounted slides were analysed by confocal microscopy.
Electrophoretic mobility shift assays (EMSA)
MACS-sorted B220
þ B cells were FACS-sorted to obtain sIgM À and sIgM þ B cells (FACSVantage, Becton Dickinson, San Jose, CA, USA; anti-sIgM antibody, BD Biosciences Pharmingen, San Diego, CA, USA). Nuclear and cytosolic extracts were isolated as described previously (Sun et al., 2000) . Protein concentration was determined using the BioRad Protein Assay kit (Bio-Rad). In total, 3 mg of nuclear protein was subjected to bandshift analysis. EMSAs were performed with the following reagents: double-stranded 32 P-labeled NF-kB oligonucleotides: 5 0 -AGTTGAGGG GACTTTCCCAGC-3 0 (Promega, Madison, WI, USA); T4 Polynucleotide Kinase (Roche Applied Sciences, Indianapolis, IN, USA); NF-kB 5 Â binding buffer: 25 mM Tris-HCl pH 7.5, 5 mM EDTA, 250 mg/ml poly (dI:dC), 5 mM dithiothreitol and 1 mg/ml BSA. 10 6 cpm of labeled probe was used in each reaction, and bandshifts were resolved on 5% native polyacrylamide gels in 0.5 Â TBE running buffer. For supershift analysis, the following antibodies were used: p50, c-Rel and p65 (Santa Cruz). Dried gels were subjected to autoradiography.
